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(57) A system for distributing wear on multiple
movers in an independent cart system includes a ma-
chine learning model executing on a processor. The
machine learningmodelmay includemodels of operation
foreachof themovers, and themachine learningmodel is
operative to receive multiple inputs for each of the
movers. Each of the inputs corresponds to an operating
condition foroneof themoversas themover travelsalong

a track for the independent cart system. Each of the
inputs are received for each of the movers over multiple
runs along the track, and the inputs received generate a
training set of data for the movers. A weighting value is
determined for each of the movers as a function of the
training set of data, where the weighting value corre-
sponds to a level of wear present on each of the movers.
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Description

BACKGROUND INFORMATION

[0001] The subject matter disclosed herein relates to a
systemandmethod formonitoringandbalancingwearon
vehicles in an independent cart system. More specifi-
cally, a method and system of monitoring wear is utilized
to dispatch vehicles in the independent cart system ac-
cording to a set of rules regarding distribution of wear
among the vehicles.
[0002] Motion control systems utilizing independent
cart technology employ a linear drive system embedded
within a track and multiple vehicles, also referred to as
"movers" or carts, that are propelled along the track via
the linear drive system. Movers and linear drive systems
can be used in a wide variety of processes (e.g. packa-
ging, manufacturing, andmachining) and can provide an
advantage over conventional conveyor belt systemswith
enhanced flexibility, extremely high-speed movement,
and mechanical simplicity. The independently controlled
movers or carts are each supported on a track for motion
along the track. The track ismade up of a number of track
segments that, in turn, hold individually controllable elec-
tric coils. Successive activation of the coils establishes a
moving electromagnetic field that interacts with the
movers and causes the mover to travel along the track.
Sensorsmay be spaced at fixed positions along the track
and/or on the movers to provide information about the
position and speed of the movers. Each of the movers
may be independently moved and positioned along the
track in response to the electromagnetic fields generated
by the coils.
[0003] Recent developments in independent cart tech-
nology have seen a growth in the size and complexity of
the systems. The number of movers in a single system
may reach thehundredsor thousands.Track layoutsmay
includenumerousbranches, stationsatwhichoperations
are performed, queuing segments, and switches be-
tween different paths. Movers may be operated individu-
ally to perform a single task or to perform a variety of
tasks. Movers may be operated in tandem to share a
single payload. Still other applications may require a
platoonofmovers to travel in tandem.Acentral scheduler
may be responsible for monitoring operation of the sys-
tem and for commanding movers to travel between loca-
tions in the independent cart system.
[0004] Scheduling movers is not without certain chal-
lenges. One common scheduling technique is to com-
mand the closest mover to a station requiring servicing.
Scheduling the closest mover to arrive at the station
reduces travel time and increases throughput in the
system. As the complexity of an independent cart system
increases, however, certain segments of the systemmay
have a higher operational demand than other segments.
A primary segment of the systemmay run at or near one
hundred percent utilization. Other segments of the sys-
tem may house queuing segments or include stations

which are required intermittently. A mover may be idle
within or intermittently scheduled to travel on these latter
segments. Movers located in segments with either the
high utilization or the low utilization may tend to stay
within the respective segments as they are closer in
proximity to operations occurring within each segment.
Unevenoperational demand throughout the independent
cart system can result in uneven demand and utilization
of movers.
[0005] Uneven utilization of movers can result in un-
even wear on a mover, and uneven wear can create
variable performance between movers. The movers
are driven along the track by a linear drive system. Coils
within the track generate an electromagnetic field that
interacts with a magnetic field generated by permanent
magnets mounted on each mover. The performance of
each mover is determined, at least in part, by an air gap
between the coils and themagnets.Whenanewmover is
inserted into the independent cart system, the air gaphas
an initial spacingbetween thecoils and themagnets.Asa
mover travels along the track, contacting surfaces such
as gliding surfaces or wheels experience wear and the
spacing between the coils and the magnets decrease.
Performance of movers will vary depending on the level
of wear and the spacing provided by the air gap. Movers
located in higher utilization segments of the independent
cart system may experience increased wear and more
variable performance compared to movers located in
lower utilization segments.
[0006] In addition to varying performance, continued
wear cancause failureof themover.Withcontinuedwear,
the gliding surfacemay wear completely until the body of
themover contacts the track. Excessivewear on an outer
surface of a wheel may cause failure of the wheel. It is
necessary to perform maintenance on movers with wear
exceeding certain thresholds. However, with a varied
level of wear betweenmovers, it may become necessary
for more frequent maintenance intervals. Highly worn
movers may require frequent maintenance. Alternately,
a first set of movers may require maintenance at a first
interval, and a second set of movers may require main-
tenance at a second interval. The different maintenance
intervals increase the number of times the independent
cart system must be shut down for service.
[0007] Thus, it would be desirable to provide an im-
proved method and system for monitoring wear of
movers in an independent cart system.
[0008] It is a further object of the invention to schedule
movers within the independent cart system according to
a predefined set of rules to distribute wear among the
movers according to those rules.

BRIEF DESCRIPTION

[0009] According to one embodiment of the invention,
a system for distributing wear on multiple movers in an
independent cart system includes a sensor generating a
feedback signal and a fleet manager. The feedback
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signal is selectively generated for each of the movers as
each of themovers is present within a detection range for
the sensor, and the feedback signal varies for amover as
a function of a level of wear present on the mover. The
fleet manager includes a memory and a processor. The
memory is operative to store multiple instructions and a
weightingvalue foreachof themovers,where theweight-
ing value is determined as a function of the level of wear
present on the mover. The processor is operative to
execute the plurality of instructions to receive an order
for one of the movers to travel along a track in the
independent cart system and to read the weighting value
from the memory for a first portion of the movers. The
processor is further operative to determine a selected
mover from the first portion of themovers as a function of
the weighting value read for each of the movers and to
generate a motion command for the selected mover as a
function of the order.
[0010] According to another embodiment of the inven-
tion, a system for distributing wear on multiple movers in
an independent cart system includes amachine learning
model executing on a processor. The machine learning
model is operative to receive multiple inputs for each of
the movers. Each of the inputs corresponds to an oper-
ating condition for one of themovers as themover travels
alonga track for the independent cart system.Eachof the
inputs are received for each of the movers over multiple
runs along the track, and the inputs received generate a
training set of data for the movers. A weighting value is
determined for each of the movers as a function of the
training set of data, where the weighting value corre-
sponds to a level of wear present on each of the movers.
[0011] According to yet another embodiment of the
invention, a method for distributing wear on multiple
movers in an independent cart system includes monitor-
ing operation of the movers over multiple runs along a
track for the independent cart system and generating a
weighting value corresponding to a level of wear present
on each of the movers as a function of the runs. An order
for one of themovers to travel along the track is received,
and one of the movers is selected to complete the order
as a function of the weighting value for each of the
movers.
[0012] Theseandotheradvantagesand featuresof the
invention will become apparent to those skilled in the art
from the detailed description and the accompanying
drawings. It should be understood, however, that the
detailed description and accompanying drawings, while
indicating preferred embodiments of the present inven-
tion, are given by way of illustration and not of limitation.
Many changesandmodificationsmaybemadewithin the
scope of the present invention without departing from the
spirit thereof, and the invention includes all such mod-
ifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Various exemplary embodiments of the subject

matter disclosed herein are illustrated in the accompany-
ing drawings in which like reference numerals represent
like parts throughout, and in which:

FIG. 1 is a schematic representation of anexemplary
control system for an independent cart system ac-
cording to one embodiment of the invention;
FIG. 2 is a perspective view of one embodiment of a
mover configured to travel along the track of Fig. 1;
FIG. 3 is a front elevational view of the mover of Fig.
2;
FIG.4 is asideelevational viewof themoverofFig. 2;
FIG. 5 is a top plan view of the mover of Fig. 2;
FIG. 6 is a perspective view of another embodiment
of amover configured to travel along the track of Fig.
1;
FIG. 7 is a front elevational view of the mover of Fig.
6;
FIG.8 is asideelevational viewof themoverofFig. 6;
FIG. 9 is a top plan view of the mover of Fig. 6;
FIG. 10 is a sectional view of one embodiment of a
mover and track segment included in the linear drive
system taken at 10‑10 of Fig. 1;
FIG. 11 is a perspective view of one embodiment of a
magnet array used within the mover of Fig. 10;
FIG. 12 is apartial top cutaway viewof themover and
track segment of Fig. 1;
FIG. 13 is a block diagram representation of the
exemplary control system of Fig. 1;
FIG. 14 is a partial top plan view for an exemplary
independent cart system;
FIG. 15 is a flowchart illustrating steps for distributing
wear betweenmovers according to oneembodiment
of the invention;
FIG. 16 is a graphical representation of a change in a
feedback signal as a function of wear; and
FIG. 17 is a block diagram representation of an
independent cart system according to one embodi-
ment of the present invention with the tracks imple-
mented as predefined paths and the vehicles imple-
ments as automated guided vehicles to travel along
the predefined paths.

[0014] In describing the various embodiments of the
invention which are illustrated in the drawings, specific
terminology will be resorted to for the sake of clarity.
However, it is not intended that the invention be limited
to the specific terms so selected and it is understood that
each specific term includes all technical equivalents
which operate in a similarmanner to accomplish a similar
purpose. For example, theword "connected," "attached,"
or terms similar thereto are often used. They are not
limited to direct connection but include connection
through other elements where such connection is recog-
nized as being equivalent by those skilled in the art.
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DETAILED DESCRIPTION

[0015] The various features and advantageous details
of the subjectmatter disclosedhereinareexplainedmore
fully with reference to the non-limiting embodiments de-
scribed in detail in the following description.
[0016] The subject matter disclosed herein describes
an improved method and system for monitoring wear of
movers in an independent cart system. A sensor is used
to monitor wear on each mover in the independent cart
system. According to one aspect of the invention, an
existing sensor, such as the position sensors detecting
the magnetic field generated by the drive magnets may
be used. As contacting surfaces wear on the mover, the
drive magnets get closer to the sensors, changing the
feedback signal detected by the magnetic field sensors.
According to another aspect of the invention, a new
sensor, suchasanoptical sensor,maybeused tomonitor
a distance between a mark on the side of the mover and
the surface of the track. The distancewill decrease as the
contacting surfaces of the mover wear. The feedback
signal generated by the sensor includes data corre-
sponding to a level of wear on each mover.
[0017] It is a further object of the invention to utilize the
wear information obtained from the sensors to schedule
movers within the independent cart system to distribute
wear among the movers according to those rules. Ac-
cording tooneaspectof the invention, amachine learning
system is loadedwith a predefined set of rules that define
expectedwearof amover basedonoperating conditions.
The machine learning system receives the feedback
signals from the sensors corresponding to actual wear
on the movers and further trains the machine learning
system, refining the initial rules. The machine learning
system may be used to generate predictions of when
movers will require maintenance to avoid failure and/or
when movers will fail without preventive maintenance.
According to another aspect of the invention, the ma-
chine learning system may initially be untrained. The
machine learning systemmay receive input correspond-
ing to operating conditions for each mover as well as
feedback signals indicating a level of wear present on
each mover. The machine learning system may identify
patterns of operation in the independent cart system and
generate predications of when movers will require main-
tenance to avoid failure and/or when movers will fail
without preventive maintenance as a result of the pat-
terns of operations. The outputs of the machine learning
system may also be used to inform a fleet manager of
wear on individual movers.
[0018] The fleet manager uses the information gener-
ated by themachine learning system to schedulemovers
within the independent cart system. The fleet manager
may store rules corresponding to preferredmaintenance
schedules. For example, in one application it may be
desirable to provide even wear across all movers, such
that all movers are serviced during a single shut-down
period. In another application, it may be desirable to

increase wear on a subset of movers, such that those
movers may be taken out of service for maintenance
whileothermoverscontinueoperation.Basedonexisting
wear detected on each mover and the wear predictions
generated by the machine learning system, the fleet
manager schedules movers to perform tasks within the
independent cart system to achieve the preferred main-
tenance schedules.
[0019] Turning initially toFig. 1, anexemplary transport
system formoving articles or products includes a track 10
made up of multiple segments 12. According to the illu-
strated embodiment, multiple segments 12 are joined
end-to-end to define the overall track configuration.
The illustrated segments 12 are both straight segments
having generally the same length. It is understood that
track segments of various sizes, lengths, and shapes
may be connected together to form the track 10 without
deviating from the scope of the invention. The track 10 is
illustrated in a horizontal plane. For convenience, the
horizontal orientation of the track 10 shown in Fig. 1 will
be discussed herein. Terms such as upper, lower, inner,
and outer will be used with respect to the illustrated track
orientation. These terms are relational with respect to the
illustrated track and are not intended to be limiting. It is
understood that the track may be installed in different
orientations, such as sloped or vertical, and include
different shaped segments including, but not limited to,
straight segments, inward bends, outward bends, up
slopes, down slopes, right-hand switches, left-hand
switches, and various combinations thereof. The width
of the track 10 may be greater in either the horizontal or
vertical direction according to application requirements.
The movers 100 will travel along the track and take
various orientations according to the configuration of
the track 10 and the relationships discussed herein
may vary accordingly.
[0020] According to the illustrated embodiment, each
track segment 12 includes an upper portion 17 and a
lower portion 19. The upper portion 17 is configured to
carry the movers 100 and the lower portion 19 is config-
ured to house the control elements. As illustrated, the
upper portion 17 includes a pair of rails 14 extending
longitudinally along the upper portion 17 of each track
segment 12 and defining a channel 15 between the two
rails. Clamps 16 affix to the sides of the rails 14 and
secure the rails 14 to the lower portion 19 of the track
segment 12. Each rail 14 is generally L-shaped with a
side segment 11 extending in a generally orthogonal
direction upward from the lower portion 19 of the track
segment 12, and a top segment 13 extending inward
toward the opposite rail 14. The top segment 13 extends
generally parallel to the lower portion 19 of the track
segment 12 and generally orthogonal to the side seg-
ment 11 of the rail 14. Each top segment 13 extends
toward the opposite rail 14 for only a portion of the
distance between rails 14, leaving a gap between the
two rails 14. The gap and the channel 15 between rails 14
define a guideway along which the movers 100 travel.
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[0021] According to one embodiment, the surfaces of
the rails 14 and of the channel 15 are planar surfaces
made of a low friction material along which movers 100
may slide. The contacting surfaces of the movers 100
may also be planar and made of a low friction material. It
is contemplated that the surface may be, for example,
nylon, Teflon®, aluminum, stainless steel and the like.
According to one aspect of the invention, the hardness of
the surfaces on the track segment 12 are greater than the
contacting surface of the movers 100 such that the con-
tacting surfaces of the movers 100 wear faster than the
surfaceof the tracksegment 12. It is further contemplated
that the contacting surfaces of the movers 100 may be
removablymounted to themover 100 such that theymay
be replaced if the wear exceeds a predefined amount.
According to still other embodiments, the movers 100
may include low-friction rollers 122, 124 (See e.g., Fig. 6)
to engage the surfaces of the track segment 12. Option-
ally, the surfaces of the channel 15 may include different
cross-sectional forms with the mover 100 including com-
plementary sectional forms. Various other combinations
of shapes and construction of the track segment 12 and
mover 100 may be utilized without deviating from the
scope of the invention.
[0022] Turning next to Figs 2‑5, one embodiment of the
mover 100 is configured to slidealong the channel 15as it
is propelled by a linear drive system. The mover 100
includes a body 102 configured to fit within the channel
15. The body 102 includes a lower portion 104, config-
ured toholdmagnets130 (seealsoFig. 10), andanupper
portion 108, configured to engage the rails 14. The lower
portion has a lower surface 106 to slide along the bottom
surfaceof thechannel 15.Theupperportion108 includes
side contacting surfaces 107which slide along an interior
surface of the side segments 11 of the rails 14 and upper
contacting surfaces 109 which slide along an interior
surface of the top segments 13 of the rails 14. Themover
100also includesaplatform110mounted to thebody102
of the mover. An upper surface of the platform 110 in-
cludesmultiple threaded openings 112 to which a fixture,
or workpiece, may be mounted. Various workpieces,
clips, fixtures, and the like may be mounted on the top
of each platform 110 for engagement with a product to be
carried along the track by the mover 100 according to an
application’s requirements. The platform 110 also in-
cludes a pair of openings 114 through which a threaded
fastener 116 such as a bolt may be used to secure the
platform 110 to the body 102 of the mover 100. A central
guide portion 118 of the platform 110 extends downward
toward the body 102 of the mover 100. The central guide
portion 118hasawidth less than thegapbetween the two
rails 14 and fits within the gap between rails when the
mover 100 is mounted on the track. The central guide
portion 118 also extends further than lower contacting
surfaces 120 on the platform 110 creating a gap between
the upper contacting surfaces 109 of the body 102 and
the lower contacting surfaces 120 of the platform 110
equal to the width of the top segment 13 of the rails 14

such that the lower contacting surfaces 120 of the plat-
form 110 slide along an exterior surface of the top seg-
ments 13 of the rails. According to the illustrated embodi-
ment, the platform 110 is generally square and has a
sectional area similar to the sectional area of the body
102 as viewed from the top of the mover 100. It is con-
templated that platforms 110, or attachments, of various
shapes may be secured to the body 102.
[0023] Turningnext toFigs6‑9,anotherembodimentof
the mover 100 is configured to roll along the track as it is
propelled by a linear drive system. The mover 100 in-
cludes a body 102 configured to fit within the channel 15.
The body 102 includes a lower portion 104, configured to
holdmagnets130 (seealsoFig. 10), andanupperportion
108, configured to engage the rails 14. The lower portion
has a lower surface 106 to slide along the bottom surface
of the channel 15. The upper portion 108 includes side
wheels 122 mounted in a horizontal configuration to roll
along an interior surface of the side segments 11 of the
rails 14. The mover 100 also includes a platform 110
mounted to the body 102 of the mover. An upper surface
of the platform 110 includes multiple threaded openings
112 to which a fixture, or workpiece, may be mounted.
Various workpieces, clips, fixtures, and the like may be
mounted on the top of each platform 110 for engagement
with a product to be carried along the track by the mover
100 according to an application’s requirements. The plat-
form 110 also includes a pair of openings 114 through
whicha threaded fastener116suchasaboltmaybeused
to secure the platform 110 to the body 102 of the mover
100. The platform includes top wheels 124 mounted in a
vertical orientation to roll along an exterior surface of the
topsegment13of each rail 14.Acentral guideportion118
of the platform 110 extends downward toward the body
102of themover 100. The central guide portion 118 has a
width less than the gap between the two rails 14 and fits
within the gap between rails when the mover 100 is
mounted on the track. The central guide portion 118 also
extends further than top wheels 124 on the platform 110
creating a gap between the top wheels 124 and the side
wheels 122 at least as large as the width of the top
segment 13 of the rails 14 such that the top segment
13 of the rails fits between the top and side wheels. The
central guide portion 118 further includes a center wheel
126 which may engage an edge of a rail 14 if the mover
100 moves too far to one side or the other of the channel
15. The center wheel 126 also assists in directing the
mover 100 along switches between different track seg-
ments 12. According to the illustrated embodiment, the
platform 110 is generally rectangular and has a length
similar to a length of the body 102 as viewed from the top
of themover 100. It is contemplated that platforms110, or
attachments, of various shapes may be secured to the
body 102.
[0024] Themover 100 is carried along the track 10 by a
linear drive system. The linear drive system is incorpo-
rated in part on each mover 100 and in part within each
track segment 12. One or more drive magnets 130 are
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mounted to each mover 100. With reference to Fig. 10,
the drive magnets 130 are arranged in a block on the
lower surface of each mover. With reference also to Fig.
11, the illustrated embodiment includes five drive mag-
nets 130placedadjacent to eachother in aHalbacharray
to define the block of magnets. Each magnet 130 has a
length 132 extending in the z-axis, a width 134 extending
in the x-axis, and a height 136 extending in the y-axis.
From left-to-right in Fig. 11, a first drivemagnet 130 has a
north pole oriented along a y-axis toward the track when
the mover 100 is mounted on the track. A second drive
magnet 130 has a north pole oriented along an x-axis,
and a third drive magnet 130 has a north pole oriented
along the y-axis away from the track. A fourth drive
magnet 130 has a north pole oriented along the x-axis
in a direction opposite the second magnet, and a fifth
drive magnet 130 has the north pole again oriented
toward the track along the y-axis. As also illustrated,
an orientation of the magnetic field is illustrated by the
arrow pointing from the south pole toward the north pole.
For movers 100 having a greater length, this rotation of
the orientation for the drive magnets 130 may continue
along the length of the mover 100. The Halbach array
configuration has an advantage of cancelling magnetic
flux tending to extend upward into the rest of the mover
100 while increasing the magnetic flux tending to extend
downward toward the track for interaction with the linear
drive system. The illustrated embodiment for the ar-
rangement of drive magnets 130 is not intended to be
limiting. Various other configurations of the drive mag-
nets 130may be utilized as non-illustrated embodiments
of the invention.
[0025] The linear drive system further includes a series
of coils 150 spaced along the length of the track segment
12. With reference also to Fig 12, the coils 150 may be
positioned within a housing for the lower portion 19 of the
track segment 12 and below the surface of the channel
15. The coils 150 are energized sequentially according to
the configuration of the drivemagnets 130 present on the
movers 100. The sequential energization of the coils 150
generates a moving electromagnetic field that interacts
with themagnetic field of the drivemagnets 130 to propel
each mover 100 along the track segment 12.
[0026] A segment controller 50 is provided within each
track segment 12 to control the linear drive systemand to
achieve the desired motion of each mover 100 along the
track segment 12. Although illustrated in Fig. 1 as blocks
external to the track segments 12, the arrangement is to
facilitate illustration of interconnects between controllers.
As shown inFig. 10, it is contemplated that each segment
controller 50 may be mounted in the lower portion 19 of
the track segment 12. Each segment controller 50 is in
communication with a node controller 170 which is, in
turn, in communication with an industrial controller 200.
The industrial controllermay be, for example, a program-
mable logic controller (PLC) configured to control ele-
ments of a process line stationed along the track 10. The
process line may be configured, for example, to fill and

label boxes, bottles, or other containers loaded onto or
held by the movers 100 as they travel along the line. In
other embodiments, robotic assembly stations may per-
form various assembly and/or machining tasks on work-
pieces carried along by the movers 100. The exemplary
industrial controller 200 includes: a power supply 202
withapower cable204connected, for example, toautility
power supply; a communication module 206 connected
by a network medium 160 to the node controller 170; a
processor module 208; an input module 210 receiving
input signals 211 from sensors or other devices along the
process line; and an output module 212 transmitting
control signals 213 to controlled devices, actuators,
and the likealong theprocess line.Theprocessormodule
208 may identify when a mover 100 is required at a
particular location and may monitor sensors, such as
proximity sensors, position switches, or the like to verify
that themover 100 is at a desired location. The processor
module 208 transmits the desired locations of each
mover 100 to a node controller 170 where the node
controller 170 operates to generate commands for each
segment controller 50.
[0027] As further illustrated in Fig. 1, the independent
cart system may include a local, edge controller 260, a
remote application executing and hosted in a data pro-
cessing center 280, or a combination thereof. The edge
controller 260 is connected to the industrial controller 200
via the network medium 160. If a remote application is
being used, the edge controller 260 and/or the industrial
controller 200 is connected to the data processing center
280 via a suitable network 275. The network 275 may
include a local intranet, the Internet, or a combination
thereof. The network 275 may be wired or wireless,
including Wi-Fi or cellular communications over a single
channel or multiple channels.
[0028] With reference also to Fig. 13, the edge con-
troller 260 includes a communication interface 262 to
connect to the networkmedium160. The communication
interface 262 is configured to transmit and receive data
packets between the network and a processor 266 pre-
sent in the edge controller 260. The edge controller 260
includes the processor 266 and memory 268. It is con-
templated that the processor 266 and memory 268 may
eachbeasingle electronic deviceor formed frommultiple
devices. The processor 266 may be a microprocessor.
Optionally, the processor 266 and/or at least a portion of
the memory 268 may be integrated on a field program-
mable gate array (FPGA) or an application specific in-
tegrated circuit (ASIC). The memory 268 may include
volatile memory, non-volatile memory, or a combination
thereof. The memory 268 may further include fixed or
removable storagemedium, such as amagnetic or solid-
state hard disk drive, a fixed or removable memory card,
an optical drive, or a combination thereof. An optional
user interface 264 may be provided for an operator to
interface with the edge controller 260. The user interface
264 may include a monitor, keyboard, mouse, trackball,
touch pad, touch screen, or any other suitable device to

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 550 234 A1 12

receive input fromordisplaydata toauser.Optionally, the
edgecontroller 260maybeaccessedvia thenetwork275
from a remote device.
[0029] The edge controller 260 is configured to exe-
cute one or more applications 270 on the processor. The
edge controller 260 may execute independently or in
combination with the data processing center 280. As will
be discussed in more detail below, the edge controller
260mayexecute afleetmanager andamachine learning
model corresponding to the independent cart system.
The memory 268 is configured to store a database 272
including rules for the machine learning model, a history
of reference and/or feedback signals from the indepen-
dent cart system, and patterns detected within the inde-
pendent cart system. The fleet manager receives com-
mands corresponding to a request to deploy amover 100
to a particular location and utilizes the rules, historical
data, and/or detected patterns to dispatch one of the
movers 100 in response to the request.
[0030] Similarly, a data processing center 280 includes
a communication interface 282. The communication in-
terface 282 provides access to the network 275 and
transmits data packets between the data processing
center 280 and the industrial controller 200 or the edge
controller 260. Although illustrated as a single data pro-
cessing center, the data processing center may be dis-
tributed among multiple facilities providing Infrastructure
as a Service (IaaS) or Platform as a Service (PaaS),
where the IaaS or PaaS host the application executing
thereon as Software as a Service (SaaS). The data
processing center 280 further includes multiple proces-
sing units 284 and multiple storage units 286. One or
more of the processing units 284 is configured to execute
applications 290 such as a fleet manager or a machine
learning model. The applications 290 are in communica-
tion with the storage units 286 to store data to and read
data from one or more databases 288 stored on one or
more storage units 286. Operation of the fleet manager
and machine learning model will be discussed in more
detail below.
[0031] With reference also to Fig. 13, the node con-
troller 170 includes a processor 174 and a memory
device 172. It is contemplated that the processor 174
and memory device 172 may each be a single electronic
device or formed from multiple devices. The processor
174 may be a microprocessor. Optionally, the processor
174 and/or thememory device 172may be integrated on
afieldprogrammablegatearray (FPGA)oranapplication
specific integrated circuit (ASIC). The memory device
172 may include volatile memory, non-volatile memory,
or a combination thereof. An optional user interface 176
may be provided for an operator to configure the node
controller 170 and to load or configure desired motion
profiles for the movers 100 on the node controller 170.
Optionally, the configuration may be performed via a
remote device connected via a network and a commu-
nication interface 178 to the node controller 170. It is
contemplated that the node controller 170 and user inter-

face 176 may be a single device, such as a laptop,
notebook, tablet or other mobile computing device. Op-
tionally, the user interface 176 may include one or more
separate devices such as a keyboard, mouse, display,
touchscreen, interface port, removable storage medium
or medium reader and the like for receiving information
from and displaying information to a user. Optionally, the
node controller 170 and user interface may be an indus-
trial computer mounted within a control cabinet and con-
figured to withstand harsh operating environments. It is
contemplated that still other combinations of computing
devicesandperipheralsaswouldbeunderstood in theart
may be utilized or incorporated into the node controller
170 and user interface 176 without deviating from the
scope of the invention.
[0032] The node controller 170 includes one or more
programs stored in the memory device 172 for execution
by the processor 174. The node controller 170 receives a
desired position from the industrial controller 200 and
determines one or more motion profiles for the movers
100 to follow along the track 10. A program executing on
the processor 174 is in communication with each seg-
ment controller 50 on each track segment via a network
medium 160. The node controller 170 may transfer a
desired motion profile to each segment controller 50.
Optionally, the node controller 170 may be configured
to transfer the information from the industrial controller
200 identifying one or more desired movers 100 to be
positioned at or moved along the track segment 12, and
the segment controller 50maydetermine the appropriate
motion profile for eachmover 100. Various features of the
present application will be discussed herein as being
executed within the segment controller 50, the industrial
controller 200, and the node controller 170. As illustrated
in Figs. 1 and 13, these controllers are interconnected by
the network medium 160. According to other, non-illu-
strated embodiments of the invention, various features
discussed herein as implemented on one of the control-
lers 50, 200, 170 may be implemented on another con-
troller with communication via the network medium 160
transmitting data required to perform the functions be-
tween the various controllers.
[0033] A position feedback system provides knowl-
edge of the location of each mover 100 along the length
of the track segment 12 to the segment controller 50.
According to one embodiment of the invention, the posi-
tion feedback system includes one or more position
magnets mounted to the mover 100. According to an-
other embodiment of the invention, illustrated in Fig. 10,
the position feedback system utilizes the drive magnets
130 as position magnets. Position sensors 145 are posi-
tionedalong the track segment 12at a location suitable to
detect themagnetic field generated by the drivemagnets
130. According to the illustrated embodiment, the posi-
tion sensors 145 are located below or interspersed with
the coils 150. The sensors 145 are positioned such that
each of the drive magnets 130 are proximate to the
sensor as the mover 100 passes each sensor 145.
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The sensors 145 are a suitable magnetic field detector
including, for example, a Hall Effect sensor, a magneto-
diode, an anisotropic magnetoresistive (AMR) device, a
giant magnetoresistive (GMR) device, a tunnel magne-
toresistance (TMR) device, fluxgate sensor, or other
microelectromechanical (MEMS) device configured to
generate an electrical signal corresponding to the pre-
sence of a magnetic field. The magnetic field sensor 145
outputs a feedback signal provided to the segment con-
troller 50 for the corresponding track segment 12 on
which the sensor 145 is mounted. The position sensors
145 are spaced apart along the length of the track.
According to one aspect of the invention, the position
sensors 145are spacedapart such that adjacent position
sensors 145 generate a feedback signal which is offset
from each other by ninety electrical degrees (90°). Multi-
ple position sensors 145 are, therefore, generating feed-
back signals in tandem for a single mover 100 as the
mover is travelling along the track 10. The feedback
signals from each position sensor 145 are provided to
a feedback circuit 58 which, in turn, provides a signal to
the processor 52 corresponding to the magnet 130 pas-
sing the sensor 145.
[0034] The segment controller 50 also includes a com-
munication interface 56 that receives communications
from the node controller 170 and/or from adjacent seg-
ment controllers 50. The communication interface 56
extracts data from themessage packets on the industrial
network and passes the data to a processor 52 executing
in the segment controller 50. The processor may be a
microprocessor. Optionally, the processor 52 and/or a
memory device 54 within the segment controller 50 may
be integrated ona field programmable gate array (FPGA)
or an application specific integrated circuit (ASIC). It is
contemplated that the processor 52 and memory device
54may each be a single electronic device or formed from
multiple devices. The memory device 54 may include
volatile memory, non-volatile memory, or a combination
thereof. The segment controller 50 receives the motion
profile or desired motion of the movers 100 and utilizes
the motion commands to control movers 100 along the
track segment 12 controlled by that segment controller
50.
[0035] Each segment controller 50 generates switch-
ingsignals togenerateadesired current and/or voltageat
each coil 150 in the track segment 12 to achieve the
desired motion of the movers 100. The switching signals
72 control operation of switching devices 74 for the seg-
ment controller 50. According to the illustrated embodi-
ment, the segment controller 50 includes a dedicated
gate driver module 70 which receives command signals
from the processor 52, such as a desired voltage and/or
current to be generated in each coil 150, and generates
the switching signals 72. Optionally, the processor 52
may incorporate the functions of the gate driver module
70 and directly generate the switching signals 72. The
switching devices 74 may be a solid-state device that is
activated by the switching signal, including, but not lim-

ited to, transistors, thyristors, or silicon-controlled recti-
fiers.
[0036] According to the illustrated embodiment, the
track receives power from a distributed DC voltage. With
reference again to Fig. 1, a DC bus 20 receives a DC
voltage, VDC, from a DC supply and conducts the DC
voltage to each track segment 12. The illustrated DC bus
20 includes two voltage rails 22, 24 across which the DC
voltage is present. The DC supply may include, for ex-
ample, a rectifier front end configured to receive a single
or multi-phase AC voltage at an input and to convert the
AC voltage to the DC voltage. It is contemplated that the
rectifier sectionmay be passive, including a diode bridge
or, active, including, for example, transistors, thyristors,
silicon-controlled rectifiers, or other controlled solid-state
devices. Although illustrated external to the track seg-
ment 12, it is contemplated that the DC bus 20 would
extend within the lower portion 19 of the track segment.
Each track segment 12 includes connectors to which
either the DC supply or another track segment may be
connected such that the DC bus 20 may extend for the
length of the track 10. Optionally, each track segment 12
may be configured to include a rectifier section (not
shown) and receive an AC voltage input. The rectifier
section in each track segment 12 may convert the AC
voltage to a DC voltage utilized by the corresponding
track segment.
[0037] The DC voltage from the DC bus 20 is provided
at the input terminals 21, 23 to a power section for the
segment controller. A first voltage potential is present at
the first input terminal 21 and a second voltage potential
is present at the second input terminal 23. The DC bus
extends into the power section defining a positive rail 22
and a negative rail 24 within the segment controller. The
termspositive andnegative are used for referenceherein
and are not meant to be limiting. It is contemplated that
the polarity of the DC voltage present between the input
terminals 21, 23 may be negative, such that the potential
on the negative rail 24 is greater than the potential on the
positive rail 22. Each of the voltage rails 22, 24 are
configured to conduct a DC voltage having a desired
potential, according to application requirements. Accord-
ing to one embodiment of the invention, the positive rail
22 may have a DC voltage at a positive potential and the
negative rail 24 may have a DC voltage at ground poten-
tial. Optionally, the positive rail 22may have aDCvoltage
at ground potential and the negative rail 24 may have a
DC voltage at a negative potential According to still
another embodiment of the invention, the positive rail
22may have a first DC voltage at a positive potential with
respect to the ground potential and the negative rail 24
may have a second DC voltage at a negative potential
with respect to the ground potential. The resulting DC
voltage potential between the two rails 22, 24 is the
difference between the potential present on the positive
rail 22 and the negative rail 24.
[0038] It is further contemplated that the DC supply
may include a third voltage rail 26 having a third voltage
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potential. According to one embodiment of the invention,
the positive rail 22 has a positive voltage potential with
respect to ground, the negative rail 24 has a negative
voltage potential with respect to ground, and the third
voltage rail 26 is maintained at a ground potential. Op-
tionally, the negative voltage rail 24 may be at a ground
potential, the positive voltage rail 22 may be at a first
positive voltage potential with respect to ground, and the
third voltage rail 26 may be at a second positive voltage
potential with respect to ground, where the second po-
sitive voltage potential is approximately one half the
magnitude of the first positive voltage potential. With
such a split voltage DC bus, two of the switching devices
74 may be used in pairs to control operation of one coil
150byalternately providepositiveor negativevoltages to
one the coils 150.
[0039] The power section in each segment controller
50 may include multiple legs, where each leg is con-
nected in parallel between the positive rail 22 and the
negative rail 24. According to the illustrated embodiment,
three legs are shown. However, the number of legs may
vary and will correspond to the number of coils 150
extending along the track segment 12. Each leg includes
a first switching device 74a and a second switching
device 74b connected in series between the positive rail
22 and the negative rail 24 with a common connection 75
between the first and second switching devices 74a, 74b.
The first switching device 74a in each leg may also be
referred to herein as an upper switch, and the second
switching device 74b in each leg may also be referred to
herein as a lower switch. The terms upper and lower are
relational only with respect to the schematic representa-
tion and are not intended to denote any particular phy-
sical relationship between the first and second switching
devices 74a, 74b. The switching devices 74 include, for
example, power semiconductor devices such as transis-
tors, thyristors, and silicon-controlled rectifiers, which
receive the switching signals 72 to turn on and/or off.
Each of switching devices may further include a diode
connected in a reverse parallel manner between the
common connection 75 and either the positive or nega-
tive rail 22, 24.
[0040] The processor 52 also receives feedback sig-
nals fromsensors providing an indication of the operating
conditions within the power segment or of the operating
conditions of a coil 150 connected to the power segment.
According to the illustrated embodiment, the power seg-
ment includes a voltage sensor 62 and a current sensor
60 at the input of the power segment. The voltage sensor
62 generates a voltage feedback signal and the current
sensor 60 generates a current feedback signal, where
each feedback signal corresponds to the operating con-
ditions on the positive rail 22. The segment controller 50
also receives feedback signals corresponding to the
operation of coils 150 connected to the power segment.
A voltage sensor 153 and a current sensor 151 are
connected in series with the coils 150 at each output of
the power section. The voltage sensor 153 generates a

voltage feedback signal and the current sensor 151
generates a current feedback signal, where each feed-
back signal corresponds to the operating condition of the
corresponding coil 150. The processor 52 executes a
program stored on the memory device 54 to regulate the
current and/or voltage supplied to each coil and the
processor 52 and/or gate driver module 70 generates
switching signals 72 which selectively enable/disable
each of the switching devices 74 to achieve the desired
current and/or voltage in each coil 150. The energized
coils 150 create an electromagnetic field that interacts
with the drive magnets 130 on eachmover 100 to control
motion of the movers 100 along the track segment 12.
[0041] In operation, the independent cart systemmoni-
tors wear on each of the movers 100 present in the
system. The fleet manager, executing on either the edge
controller 260, data processing center 280, or combina-
tion thereof, utilizes the wear information and issues
motion commands to movers 100 as a function of the
wear detected on the mover.
[0042] Turningnext toFig. 14,aportionofa track layout
for an exemplary independent cart system 300 is illu-
strated. The illustrated system 300 includes a primary
track 302havingadirection of travel that is generally from
left-to-right in the figure. The illustrated portion of the
independent cart system 300 also includes three branch
segments 304, where each branch segment 304 passes
by a station 310where an operationmay be performed to
a payload on the movers 100. A first branch segment
304A passes a first station 310A, a second branch seg-
ment 304B passes a second station 310B, and a third
branch segment 304C passes a third station 310C.
Movers100arecommandedalongeachbranchsegment
as a function of a payload present on the mover.
[0043] The illustrated portion of the independent cart
system 300 further includes a first bypass track segment
306 and a second bypass track segment 312. The first
bypass track segment 306 has three parallel branches
308A, 308B, and 308C, where each parallel branch is
configured to receive one or more movers 100. The
parallel branches 308A, 308B, 308C allow movers 100
to transition off the primary track 302 such that another
mover 100 or set of movers may pass those movers 100
located on the bypass track segment 306. The parallel
branches 308A, 308B, 308C further allow multiple
movers 100 to be reordered in varying sequences rather
than requiring a first-in-first-out operation.
[0044] The second bypass track segment 312 is a
single track segment. A switching lever 314 selectively
allows amover 100 to enter the second bypass segment
312 from the left and exit the second bypass segment to
the right. If anothermover 100 is commanded to enter the
second bypass track segment 312, each mover 100
already present in the second bypass track segment
312 must move away from the primary track segment
302 tomake room for the nextmover 100. The lastmover
100 that enters the second bypass track segment 312 is
the first mover 100 to exit. The second bypass track
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segment 312 allows for a simple reversal of order of
movers 100 entering the segment. In addition to reorder-
ing movers 100, the first and second bypass track seg-
ments 306, 312 may be used as queuing locations. As a
queuing location, anumberofmovers100maybeparked
on thebypass track segment until amover 100 is required
at one of the stations 310. The fleet manager may de-
termine that one of the parkedmovers 100 is preferred to
be sent to the station 310 and issue a command to have
the mover 100 travel to the corresponding station.
[0045] The illustrated portion of the independent cart
system300also includesa return track segment havinga
direction of travel that is generally from right-to-left in the
figure. The return track segment 305 receives the ma-
jority ofmovers 100 in a further portionof the independent
cart system 300 from the right beyond the illustrated
portion and returns the movers 100 to a portion of the
independent cart system 300 to the left beyond the illu-
strated portion. A return branch 303 is also shown in-
serted between the primary track segment 302 and the
return track segment 305. The return branch303allowsa
portion of the movers 100 to bypass the third branch
segment 304C and the remainder of the independent
cart system 300 to the right of the illustrated portion.
[0046] The machine learning model is trained to ob-
serveoperationof themovers100 in the independent cart
system 300 to bothmonitor wear on eachmover 100 and
to distribute wear among the movers 100. For ease of
discussion, the machine learning model and the fleet
manager will be described herein as executing on the
edge controller 260. The described embodiment is not
intended to be limiting. It is understood that the machine
learningmodel and the fleet manager may be implemen-
ted in part or in whole either locally on the edge controller
260 or remotely on the data processing center 280.
According to one aspect of the invention, the machine
learningmodelmayprovide for supervised learningof the
independent cart system. With supervised learning, at
least onemodel of operation for themovers 100 is stored
in memory 268. Each model of operation is configured to
predict operation of a mover 100 as a function of one or
more inputs to the model. The complexity of the models
depends, at least in part, on the complexity of the appli-
cation and of the desired prediction. For example, if a
model is to predict a time to arrive at a location for each
mover, themodel may require just a present location and
a commanded speed for each mover. The model may
then predict a time at which each mover will arrive at a
location. In some applications, varying payloads may be
transferred by the movers 100. The payloads may have
different weights, or be subject to different limitations,
such as a reduced speed at which the mover 100 may
travel or a reducedacceleration/decelerationatwhich the
mover 100 may change speed to avoid upsetting the
payload. The model of operation may receive additional
inputs including thepayload tobecarriedor themaximum
acceleration/deceleration at which the mover 100 may
travel as a result of the payload. The enhanced model of

operation provides a more precise prediction of time at
which themover 100may reachadestination than simply
using a present location and a commanded speed for
each mover. Supervised learning provides an initial pre-
diction based onmodels of operation for the independent
cart system.
[0047] The supervised learning is supplemented by
monitoring operation of the movers 100 as they travel
in the independent cart system 300. The machine learn-
ing model receives multiple inputs. The inputs may be
reference signals corresponding to desired operation of
eachmover 100 aswell as feedback signals correspond-
ing to actual operation of each mover 100. Reference
signals include, but are not limited to, positions along the
track to which a mover 100 is commanded, speed com-
mands, acceleration commands, expected payloads to
be carried by each mover, or whether a mover 100 is to
operate individually, in tandem, or in a platoon. Feedback
signals include, but are not limited to, signals from posi-
tion sensors 145, current sensors 151, optical sensors
mounted adjacent to the track to observe operation of
each mover 100, or other sensors related to the process
being performed at a station 310.
[0048] Under ideal operating conditions, precise mod-
els of operation provided to the machine learning model
would provide accurate predictions for mover 100 opera-
tion. However, models of operation may not account for
every operating condition. Further, manufacturing and
assembly tolerances create variation in operation be-
tween movers 100 and variation in operation of a single
mover between different track segments. Manufacturing
tolerances in sensors result in different feedback signals
between different sensors that are manufactured in an
identical fashion. As a result, even the most precise
model of operation will not provide an exact prediction
of the operation of each mover 100. Utilizing the various
inputs, the machine learning model adapts the predic-
tions over time as a function of the actual operation for
each mover 100. The machine learning model may first
generate predicted operation of a mover 100 in the
independent cart system. The machine learning model
then reads feedback signals corresponding to actual
operation of the mover 100 over multiple runs along
the track. The machine learning model observes differ-
ences between predicted operation and observed opera-
tion and adapts the models to account for actual perfor-
mance. As a result, the predictions improve over time
observing theactual performanceof the independent cart
system.
[0049] According to another aspect of the invention,
the machine learning model may provide unsupervised
learning of the independent cart system. With unsuper-
vised learning, the machine learning model has no initial
model of operation. The machine learning model still
receives the input signals. The input signals may be
reference signals corresponding to desired operation
of each mover 100 as well as feedback signals corre-
sponding to actual operation of each mover 100. The
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machine learning model monitors the input signals for
multiple runs of each mover 100 along the track. The
machine learningmodel detects patterns of operation for
each mover as a function of the inputs over the series of
runs. Over time, the machine learning model generates
patterns of operation for the independent cart system.
According to still another aspect of the invention, the
machine learning model may be, in part, supervised
and, in part, unsupervised. The machine learning model
may receivemodels for someaspects of operation for the
independent cart system andmaymonitor other aspects
of operation to detect patterns of operation without hav-
ing models of operation for those aspects of the system.
[0050] The machine learning model may be utilized to
predict wear on each of the movers 100 in the indepen-
dent cart system 300. In a supervised system, models
may be provided which predict wear on amover 100 as a
function of inputs indicating, for example, a distance
traveled, a weight of the payload transported by the
mover, and/or a speed of travel by the mover. Further
inputs may receive a feedback signal generated by a
sensorwhere the feedback signals varies as a function of
the level of wear experienced on the mover 100.
[0051] According to one aspect of the invention, the
position sensors 145are used tomonitorwear onmovers
100. With reference to Fig. 16, the position sensors 145
generate a nominal feedback signal 340 when nowear is
present on the mover 100. The nominal feedback signal
340 corresponds to an amplitude of the magnetic field
generated by the drive magnets 130 as the mover 100
travels past the sensor 145. With reference again to Fig.
10, the position sensors are located within the track
segment 12 at a location proximate the drive magnets
130 as the mover 100 travels past the sensor 145. The
position sensors145are locatedafixeddistance from the
surface of the channel 15 in which themovers 100 travel.
The drivemagnets 130 are initially spaced apart from the
surface of the channel by a distance which includes a
thickness of a lower surface 106 of the body 102 of the
mover 100. This lower surface 106 includes a contacting
surface which wears during operation of the mover. As
the contacting surface wears, the thickness of the lower
surface 106 decreases, bringing the drive magnets 130
closer to the surface of the channel 15. Because the drive
magnets 130 are closer to the surface of the channel 15,
the spacing between the drive magnets 130 and the
position sensors 145 decreases. As the spacing de-
creases, the amplitude of the feedback signal increases.
With referenceagain toFig. 16, a second feedback signal
345 increases in amplitude as the lower surface 106 of
the mover 100 wears.
[0052] According to another aspect of the invention, an
optical sensor 316 may be utilized to detect wear on a
mover 100. An optical sensor 316 may be located at
various locations throughout the independent cart sys-
tem. According to the embodiment illustrated in Fig. 14, a
first optical sensor 316 is provided along the return track
segment 305. The return track segment 305may provide

a path that the majority of movers 100 travel along,
allowing each mover to be scanned as it passes the
optical sensor 316. Optionally, an optical sensor 316
may be positioned next to a station 310. According to
the illustrated embodiment, an optical sensor 316 is
shown next to the second station 310B. At some stations
310,amover100mayneed to slowor come toastop.The
reduced speed may improve the ability for an optical
sensor 316 to scanmovers 100while they are interacting
with the station. According to yet another option, one of
the branches of the independent cart system 300may be
dedicated for measuring wear on movers 100. The by-
pass track segment 306 is shown with an optical sensor
316 located along each of the parallel branches 308.
Each mover 100 may be scheduled to periodically travel
into the bypass track segment 306 to be scanned at one
of the parallel branches. With reference also to Fig. 4,
each mover 100 may include a wear marking 105 along
one or both sides of the mover 100. The wear marking
may be a solid mark extending from the bottom of the
mover 100 for a fixed distance. Optionally, the wear
marking may be a single line placed at a known distance
from the edge of the bottom of the mover 100. Still other
indicia may be utilized that are observable by the optical
sensor 316.
[0053] The optical sensor generates a feedback signal
corresponding to light reflected from thesideof themover
100. The feedback signal may vary, for example, as a
function of an amount of light reflected off the wear mark
in contrast to an amount of light reflected from the side of
themover 100. Optionally, the optical sensor 316may be
configured todetect color in a color spectrum, suchas the
Red-Green-Blue (RGB) spectrum. The wear marking
105 may be a different color than the color of the side
of the mover, and the feedback signal indicates the
location of the wear mark along the side of the mover
100. The machine learning model receives the feedback
signal and determines a distancebetween thewearmark
105 and the bottom edge of themover 100. As themover
wears, the distance between the wear mark 105 and the
bottom edge of the mover decreases. The magnetic
sensing and optical sensing options are not intended
to be limiting. Still other sensing techniques may be
utilized to detect wear on themover 100 during operation
of the independent cart system. The machine learning
model monitors the feedback signal to either verify and
improve predictions of wear with a supervised system or
to determine patterns of wear in movers 100 with an
unsupervised system.
[0054] With reference to Fig. 15, steps for distributing
wear betweenmovers 100according to oneembodiment
of the invention are illustrated. At step 320, operation of
the movers 100 is monitored as discussed above with
respect to the machine learning system. At step 322, a
weighting value is determined. The weighting value is
determined, at least in part, as a function of the amount of
wear determined for each mover 100. The weighting
value utilizes the predicted values from a supervised
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learning system, the patterns detected from an unsuper-
vised learning system, or a combination thereof to assign
a weighting value to each mover 100. The operating
factors discussed above, such as distance traveled by
each mover 100, the payload present on each mover as
the mover travelled, the amount of wear detected by the
position sensors 145 or by an optical sensor, or a combi-
nation thereof, are utilized to generate the weighting
value. According to one aspect of the invention, the
weighting value may be a value between zero and one
or between zero and one hundred percent. When a
mover 100 is initially inserted into the independent cart
system 300, it receives a new weighting value of one, or
onehundredpercent. As themover 100 is commanded to
move, the weighting value is gradually reduced toward
zero.
[0055] The machine learning system may use the
weighting value to predict required maintenance within
the independent cart system. It may be preferable to
service a mover 100 when the weighting value reached
ten percent wear remaining. The machine learning sys-
tem may detect patterns of usage and predict when a
mover 100 will reach ten percent wear remaining. The
machine learning system can generate a message to a
technician with a prediction of when the mover 100 will
reach ten percent. The machine learning system may
further monitor the feedback signals to verify when each
mover 100 reaches ten percent wear remaining.
[0056] At step 324, an order for amover 100 to travel to
a location within the independent cart system 300 is
received. The fleet manager is responsible for sending
movers 100 to desired locations. The order may be, for
example, a command from one of the stations 310 in-
dicating a mover is needed at the station. Optionally, the
command may be an output of a scheduler which may
require, for example, a new mover 100 to arrive at a
location in the independent cart system 300 at fixed time
intervals. According to still another option, the order may
be an order from awebsite. The ordermay correspond to
a product to be manufactured with specific options se-
lected. The fleet manager can convert the order to a
series of steps required by the independent cart system
to move a product through the process and to have the
various options installed in the product.
[0057] The fleet manager selects one or more of the
movers 100 in the independent cart system to fulfill the
order, at least in part, asa functionof theweighting values
assigned to each mover 100. At step 326, a decision is
made to determinewhether to use the present location of
the mover 100 as well. If the present location of the
movers 100 in the system are used, the fleet manager
obtains the position of each mover 100. The position of
each mover need not be read from sensors at each
instance in which a mover 100 is to be assigned. Rather,
the position sensor 145 generate feedback signals cor-
responding to the present location of a mover 100 as it
travels along the track. A table, database, or other struc-
ture in memory 268 maintains a record of the present

location for each mover 100 as the mover travels along
the track. The fleet manager may read the present loca-
tion for the movers 100 from memory 268 and use the
present location of the mover in selecting a mover 100 to
respond to the order.
[0058] At step 330, the fleet manager selects a mover
100 to fulfill each order. According to a first aspect of the
invention, the fleet manager may rely solely on the
weighting value provided from the machine learning
model. The weighting value for eachmover 100 provides
an indicationof a level ofwearpresent on thecorrespond-
ing mover, and the fleet manager selects a mover 100 as
a function of this weighting value. According to another
aspect of the invention, the fleet manager may use both
the weighting value and the present location of each
mover 100 within the independent cart system 300. A
mover selection value may be determined by multiplying
the weighting value by a distance for the mover 100 to
travel between its present location and the target location
indicated by the order. Thus, a mover 100 that has a first
mover with aweighting value indicating slightly less wear
thanasecondmovermaynot be selected to complete the
order if the first mover is located at an opposite end of the
independent cart system and the second mover is lo-
cated close to the target location. However, a first mover
which is located a large distance from the target location
may still be selected to complete the order if it has little or
nowear, as indicatedby itsweightingvalue, andasecond
moverwhich is close to the target locationhas substantial
wear and is close to requiringmaintenance. According to
still another aspect of the invention, the fleet manager
mayusenot only theweighting value and current location
of the mover 100, but also utilize patterns determined by
the machine learning model. The patterns may identify,
for example, sections of the independent cart system300
having high utilization.With reference to Fig. 14, stations
310A may have a high level of traffic and station 310B
may have a low level of traffic. The fleet manager can
circulate movers 100 with less wear closer to station
310A such that they are more likely to have a higher
mover selection value when an order arrives for a mover
tomove to station 310A.Moverswith increasedwear can
becirculatedcloser tostation310Bsince the frequencyof
orders from this station is reduced. Although the movers
100 close to station 310B with increased wear may have
a lower weighting value than the movers 100 close to
station 310A with less wear, the movers 100 close to
station 310B can still have a higher selection value for the
second station 310B due to their proximity to the station.
Since the movers 100 proximate the second station will
not need to move as frequently as movers located prox-
imate the first station 310A, the amount of wear between
the movers at each station will even out. Once a mover
100 has been selected to fulfill the order, the fleet man-
ager issues a motion command for the mover, as shown
in step 332. The motion command is transmitted to the
industrial controller 200 or node controller 170, which
relaysanappropriate command to thesegment controller
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50 for the track segment 12 on which the mover 100 is
located.
[0059] It is further contemplated that a further set of
rules for preferred operation of the independent cart
system300maybe stored inmemory 268. Theadditional
set of rules may further impact the fleet manager select-
ing a mover 100. The additional set of rules define pre-
ferred operation in a particular application. One such set
of rules may correspond to preferred maintenance sche-
dules. For example, in oneapplication itmaybedesirable
to provide even wear across all movers 100, such that all
movers are serviced during a single shut-down period. In
another application, it may be desirable to increase wear
on a subset of movers 100, such that those movers may
be taken out of service for maintenance while other
movers continue operation. Thus, in addition to using
the weighting value, present location of the mover 100,
and patterns detected by the machine learning system,
thefleetmanagermay furtherbaseselectionof themover
on the desiredmaintenance schedule. Based on existing
wear detected on each mover and the wear predictions
generated by the machine learning system, the fleet
manager schedules movers to perform tasks within the
independent cart system to achieve the preferred main-
tenance schedules.
[0060] In some applications, movers 100 may travel in
tandem or in platoons with more than two movers travel-
ling together. A single payload may be loaded across
multiplemovers, or a repetitive series of payloadsmaybe
mountedoneachof themovers travelling together.Witha
single payload loadedacrossmultiplemovers, theweight
may be unevenly distributed on each of the movers.
Similarly, if a series of payloads are repetitively mounted
onaseries ofmovers 100, thepayloadmayvary between
movers in the platoon yet the same mover in each se-
quencewould continually receive the samepayload.Asa
result of the variations in payload, differentmovers 100 in
a tandem pair or in a platoon may experience more wear
than another mover. The machine learning model may
detect such patterns of operation for payloads being
distributed on movers 100. Two movers operating in
tandem may be physically linked together or may simply
becontrolled to travel in tandem. In order tomanagewear
on movers 100 operating in tandem, the fleet manager
may command the pair of movers 100 to a bypass track
segment. For example, if the two movers are com-
manded to enter the second bypass track segment
312, when they leave the second bypass track segment
312 the order of themovers 100will be reversed, thereby
distributing the wear more evenly on each of the movers
100 in the pair. Similarly, the fleet manager may use the
first bypass track segment 306 to reorder movers 100
operating in a platoon. By scheduling movers 100 along
thedifferent parallel paths308A,308B, 308C, themovers
100 can enter in one order and exit in a different order.
[0061] It is another aspect of the independent cart
system 300, particularly as the number of movers 100
increases, that queues of movers 100 are present at

different locations along the track. The movers 100
may, for example, queue along the main track segment
302 to the left of the three stations 310A, 31 0B, 310C
such that amover 100 is always ready to enter one of the
stations when needed. The fleet manager may use such
a queue to facilitate distributing wear among themovers.
The fleet manager may receive multiple orders or may
receive a single order requiringmultiplemovers 100 to be
commanded to different locations across the indepen-
dent cart system to complete the order. The fleet man-
ager determines how many movers 100 are required to
complete the next set of orders or to complete a single,
multi-mover order and reads the weighting value for that
number of themovers 100 next up in the queue. The fleet
manager selects movers 100 from the queue to perform
different orders or to perform different segments of a
single order according to the weighting value. Prior sys-
temswould require a first-in-first-out approach, such that
the nextmover available in the queue performed the next
order received by the fleet manager. Utilizing the weight-
ing values of themovers 100 present in the queue allows
orders to be distributed among themovers 100present in
a queue in amanner to achieve desired wear distribution
objectives.
[0062] Turning next to Fig. 17, an alternate embodi-
ment of the independent cart system described above is
illustrated. Fig. 17 includes a process line 400 with sta-
tions 410 on either side of the process line. Tasks to be
performed at each station 410 require materials to be
periodically delivered to each station 410. The materials
are delivered from a warehouse area (not shown) via
automated guided vehicles (AGVs) 430. Each AGV tra-
vels along a predefined path. According to the illustrated
embodiment, a first path is a delivery path 415 and a
second path is a return path 420. A first delivery path
415A is present on the top side of the process line,
allowing AGVs 430 to deliver material to each station
410. The delivery path 415 may be defined by coordi-
nates stored in the AGV 430, indicia marked along the
floor, or a combination thereof. After delivering material
from each station 410, the AGVs 430 return to the ware-
houseareviaa first returnpath 420A.The returnpath420
may similarly be defined by coordinates stored in the
AGV430, indiciamarkedalong thefloor, or a combination
thereof.Aseconddelivery path415Bandasecond return
path 420B are present on the lower side of the process
line to serve stations 410 along the lower side of the
process line. The machine learning model and the fleet
manager may control operation of the AGVs 430 along
the forward and return paths 415, 420 in the same man-
ner discussed above with respect to vehicles 100 travel-
ling along a fixed track 10.
[0063] It should be understood that the invention is not
limited in its application to the details of construction and
arrangements of the components set forth herein. The
invention is capable of other embodiments and of being
practiced or carried out in various ways. Variations and
modifications of the foregoing are within the scope of the
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present invention. It also being understood that the in-
vention disclosed and defined herein extends to all alter-
native combinations of two or more of the individual
features mentioned or evident from the text and/or draw-
ings. All of these different combinations constitute var-
ious alternative aspects of the present invention. The
embodiments described herein explain the best modes
known for practicing the invention and will enable others
skilled in the art to utilize the invention.
[0064] In the preceding specification, various embodi-
ments have been describedwith reference to the accom-
panyingdrawings. Itwill, however, beevident that various
modifications and changes may be made thereto, and
additional embodiments may be implemented, without
departing from the broader scope of the invention as set
forth in the claims that follow. The specification and
drawings are accordingly to be regarded in an illustrative
rather than restrictive sense.
[0065] The following is a list of further preferred
embodiments of the invention:

Embodiment 1. A system for distributing wear on a
plurality of movers in an independent cart system,
the system comprising:

a sensor generating a feedback signal, wherein:

the feedback signal is selectively generated
for each of the plurality ofmovers as each of
the plurality of movers is present within a
detection range for the sensor, and

the feedback signal varies for a mover as a
function of a level of wear present on the
mover; and

a fleet manager, including:
a memory operative to store a plurality of
instructions and a weighting value for each
of the plurality of movers, wherein the
weighting value is determined as a function
of the level of wear present on the mover,
and

a processor operative to execute the plurality of
instructions to:

receive an order for one of the plurality of
movers to travel along a track in the inde-
pendent cart system;

read the weighting value from the memory
for a first portion of the plurality of movers;

determine a selected mover from the first
portion of the plurality of movers as a func-
tion of the weighting value read for each of
the first portion of the plurality of movers;

and

generate a motion command for the se-
lected mover as a function of the order.

Embodiment 2. The system of embodiment 1,
wherein the processor is further operative to:

receive a plurality of inputs, wherein:

eachof theplurality of inputs corresponds to
an operating condition for a mover as the
mover travels along the track,

the plurality of inputs are received for each
of the plurality of movers over a plurality of
runs along the track, and

the plurality of inputs define a training set of
data for the plurality of movers; and

determine the weighting value for each of
the plurality of movers as a function of the
training set of data.

Embodiment 3. The system of embodiment 2,
wherein:

the memory is further operative to store at least
one model of operation defining a predicted
operation for the mover,

the at least one model receives the plurality of
inputs, and

the processor is further operative to:

determine at least one predicted operation
as a function of the plurality of inputs, and

determine the weighting value as a function
of the at least one predicted operation.

Embodiment 4. The system of embodiment 2,
wherein the processor is further operative to:

detect at least one pattern of operation for the
mover from the plurality of inputs, and

determine the weighting value as a function of
the at least one pattern of operation.

Embodiment 5. The system of embodiment 2,
wherein the plurality of inputs is selected from the
group consisting of a weight of a payload present on
themover, adistance travelledby themover, a speed
of the mover, and a present value of the weighting
value for each of the plurality of movers.
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Embodiment 6. The system of embodiment 2,
wherein the processor is further operative to:

receive a present location of each of the plurality
of movers along the track, and

determine the selected mover as a function of
the weighting value and the present location for
each of the plurality of movers.

Embodiment 7. The system of embodiment 1,
wherein the sensor generates the feedback signal
as a function of amagnetic field measured within the
detection range for the sensor and wherein each of
the plurality of movers includes at least one drive
magnet to generate the magnetic field.

Embodiment 8. The system of embodiment 1,
wherein the sensor generates the feedback signal
as a function of a mark located on the mover within
the detection rangeandwherein a relative position of
the mark varies as a function of the level of wear
present on the mover.

Embodiment 9. A system for distributing wear on a
plurality of movers in an independent cart system,
the system comprising a machine learning model
executing on a processor, the machine learning
model operative to:
receive a plurality of inputs for each of the plurality of
movers, wherein:

each of the plurality of inputs corresponds to an
operating condition for one of the movers as the
mover travels along a track for the independent
cart system,

each of the plurality of inputs are received for
each of the plurality of movers over a plurality of
runs along the track, and

the plurality of inputs received generate a train-
ing set of data for the plurality of movers; and

determine a weighting value for each of the
plurality of movers as a function of the training
set of data, wherein the weighting value corre-
sponds to a level of wear present on each of the
plurality of movers.

Embodiment 10. The system of embodiment 9,
further comprising a fleet manager executing on
the processor, the fleet manager operative to:

receiveanorder for oneof theplurality ofmovers
to travel along the track;

determine a selected mover for the order as a

function of the weighting value for each of the
plurality of movers; and

generate a motion command for the selected
mover as a function of the order.

Embodiment 11. The system of embodiment 10,
wherein the fleet manager is further operative to:

receive a present location of each of the plurality
of movers along the track, and

determine the selected mover for the order as a
function of the weighting value and the present
location for each of the plurality of movers.

Embodiment 12. The system of embodiment 9,
further comprising a memory operative to store at
least one model of operation defining a predicted
operation for each of the plurality ofmovers, wherein
the machine learning model is further operative to
determine the weighting value as a function of the
predicted operation.

Embodiment 13. The system of embodiment 9,
wherein the machine learning model is further op-
erative to:

detect at least one pattern of operation for each
of the plurality of movers from the plurality of
inputs, and

determine the weighting value as a function of
the at least one pattern of operation.

Embodiment 14. The system of embodiment 9,
wherein the plurality of inputs are selected from
the group consisting of a weight of a payload present
oneachmover, a distance travelledbyeachmover, a
speed of each mover, and a present value of the
weighting value for each of the plurality of movers.

Embodiment 15. A method for distributing wear on a
plurality of movers in an independent cart system,
the method comprising the steps of:

monitoring operation of the plurality of movers
over a plurality of runs along a track for the
independent cart system;

generating aweighting value corresponding to a
level of wear present on each of the plurality of
movers as a function of the plurality of runs;

receiving an order for one of the plurality of
movers to travel along the track; and

selecting one of the plurality of movers to com-
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plete the order as a function of the weighting
value for each of the plurality of movers.

Embodiment 16. The method of embodiment 15,
further comprising the steps of:

receiving a present location of each of the plur-
ality of movers along the track, and

selecting one of the plurality of movers to com-
plete the order as a function of the weighting
value and the present location for each of the
plurality of movers.

Embodiment 17. The method of embodiment 15,
further comprising the steps of:

storing at least one model of operation for each
of the plurality of movers in memory;

predicting operation of each of the plurality of
movers for the order as a function of the at least
one model; and

determining the weighting value as a function of
the predicted operation.

Embodiment 18. The method of embodiment 17,
further comprising the step of receiving a feedback
signal from a sensor for each of the plurality of
movers as each of the plurality of movers is present
within a detection range for the sensor, wherein the
feedback signal varies for a mover as a function of
the level of wear present on the mover.

Embodiment 19. The method of embodiment 18,
further comprising the step of determining the
weighting value as a function of the predicted opera-
tion andasa function of the feedback signal received
for each of the plurality of movers.

Embodiment 20. The method of embodiment 15,
further comprising the steps of:

detecting at least one pattern of operation for
each of the plurality of movers, and
determining the weighting value as a function of
the at least one pattern of operation.

Claims

1. Asystem fordistributingwearonapluralityofmovers
in an independent cart system, the system compris-
ing:

a sensor generating a feedback signal, wherein:

the feedback signal is selectively generated
for each of the plurality ofmovers as each of
the plurality of movers is present within a
detection range for the sensor, and
the feedback signal varies for a mover as a
function of a level of wear present on the
mover; and
a fleet manager, including:
a memory operative to store a plurality of
instructions and a weighting value for each
of the plurality of movers, wherein the
weighting value is determined as a function
of the level of wear present on the mover,
and

a processor operative to execute the plurality of
instructions to:

receive an order for one of the plurality of
movers to travel along a track in the inde-
pendent cart system;
read the weighting value from the memory
for a first portion of the plurality of movers;
determine a selected mover from the first
portion of the plurality of movers as a func-
tion of the weighting value read for each of
the first portion of the plurality of movers;
and
generate a motion command for the se-
lected mover as a function of the order.

2. The system of claim 1, wherein the processor is
further operative to:
receive a plurality of inputs, wherein:

each of the plurality of inputs corresponds to an
operating condition for a mover as the mover
travels along the track,
the plurality of inputs are received for eachof the
plurality of movers over a plurality of runs along
the track, and
the plurality of inputs define a training set of data
for the plurality of movers; and
determine the weighting value for each of the
plurality of movers as a function of the training
set of data.

3. The system of claim 2, wherein:

the memory is further operative to store at least
one model of operation defining a predicted
operation for the mover,
the at least one model receives the plurality of
inputs, and
the processor is further operative to:

determine at least one predicted operation
as a function of the plurality of inputs, and
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determine the weighting value as a function
of the at least one predicted operation.

4. The system of one of claims 2 or 3, wherein the
processor is further operative to:

detect at least one pattern of operation for the
mover from the plurality of inputs, and
determine the weighting value as a function of
the at least one pattern of operation.

5. The system of one of claims 2 to 4, wherein the
plurality of inputs is selected from the group consist-
ing of a weight of a payload present on the mover, a
distance travelled by the mover, a speed of the
mover, and a present value of the weighting value
for each of the plurality of movers.

6. The system of one of claims 2 to 5, wherein the
processor is further operative to:

receive a present location of each of the plurality
of movers along the track, and
determine the selected mover as a function of
the weighting value and the present location for
each of the plurality of movers.

7. The system of one of claims 1 to 6, wherein the
sensor generates the feedback signal as a function
of a magnetic field measured within the detection
range for the sensor andwherein eachof theplurality
of movers includes at least one drive magnet to
generate the magnetic field.

8. The system of one of claims 1 to 7, wherein the
sensor generates the feedback signal as a function
of a mark located on the mover within the detection
range and wherein a relative position of the mark
variesasa functionof the level ofwear presenton the
mover.

9. Asystem fordistributingwearonapluralityofmovers
in an independent cart system, the system compris-
ing a machine learning model executing on a pro-
cessor, the machine learning model operative to:
receive a plurality of inputs for each of the plurality of
movers, wherein:

each of the plurality of inputs corresponds to an
operating condition for one of the movers as the
mover travels along a track for the independent
cart system,
each of the plurality of inputs are received for
each of the plurality of movers over a plurality of
runs along the track, and
the plurality of inputs received generate a train-
ing set of data for the plurality of movers; and
determine a weighting value for each of the

plurality of movers as a function of the training
set of data, wherein the weighting value corre-
sponds to a level of wear present on each of the
plurality of movers.

10. The system of claim 9, further comprising a fleet
manager executing on the processor, the fleet man-
ager operative to:

receiveanorder for oneof theplurality ofmovers
to travel along the track;
determine a selected mover for the order as a
function of the weighting value for each of the
plurality of movers; and
generate a motion command for the selected
mover as a function of the order, and/or
wherein the fleetmanager is further operative to:

receive a present location of each of the
plurality of movers along the track, and
determine the selected mover for the order
as a function of the weighting value and the
present location for each of the plurality of
movers.

11. The system of one of claims 9 or 10, further compris-
ing amemory operative to store at least onemodel of
operation defining a predicted operation for each of
theplurality ofmovers,wherein themachine learning
model is further operative to determine theweighting
value as a function of the predicted operation, or
wherein the machine learning model is further op-
erative to:

detect at least one pattern of operation for each
of the plurality of movers from the plurality of
inputs, and
determine the weighting value as a function of
the at least one pattern of operation, or
wherein the plurality of inputs are selected from
the group consisting of a weight of a payload
present on each mover, a distance travelled by
each mover, a speed of each mover, and a
present value of the weighting value for each
of the plurality of movers.

12. A method for distributing wear on a plurality of
movers in an independent cart system, the method
comprising the steps of:

monitoring operation of the plurality of movers
over a plurality of runs along a track for the
independent cart system;
generating aweighting value corresponding to a
level of wear present on each of the plurality of
movers as a function of the plurality of runs;
receiving an order for one of the plurality of
movers to travel along the track; and
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selecting one of the plurality of movers to com-
plete the order as a function of the weighting
value for each of the plurality of movers.

13. Themethod of claim 12, further comprising the steps
of:

receiving a present location of each of the plur-
ality of movers along the track, and
selecting one of the plurality of movers to com-
plete the order as a function of the weighting
value and the present location for each of the
plurality of movers.

14. The method of one of claims 12 or 13, further com-
prising the steps of:

storing at least one model of operation for each
of the plurality of movers in memory;
predicting operation of each of the plurality of
movers for the order as a function of the at least
one model; and
determining the weighting value as a function of
the predicted operation, and/or
further comprising the step of receiving a feed-
backsignal fromasensor for eachof theplurality
of movers as each of the plurality of movers is
present within a detection range for the sensor,
wherein the feedback signal varies for a mover
as a function of the level of wear present on the
mover, and/or
further comprising the step of determining the
weighting value as a function of the predicted
operation and as a function of the feedback
signal received for each of the plurality of
movers.

15. The method of one of claims 12 to 14, further com-
prising the steps of:

detecting at least one pattern of operation for
each of the plurality of movers, and
determining the weighting value as a function of
the at least one pattern of operation.
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